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 Abstract  
Recurrent miscarriage occurs in 1 - 5 % of women at reproductive age. The most common cause of recurrent mi-
scarriage is chromosomal abnormalities of the embryo (41%), chromosomal aberrations parents (10%), anatomical 
abnormalities of the uterus (5%), infectious and hormonal factors. In about 25% of women, no cause of recurrent mi-
scarriage is usually found. Therefore it seems important to study all factors possibly inducing pregnancy disorders. 
Objective: The aim of this study was to ﬁnd a diﬀerence in serum protein fractions between women with primary 
and secondary recurrent miscarriage.
Methods: The study group consisted of 52 women (aged 36.0±4.9) with recurrent miscarriage. Nine of them (17%) 
reported one earlier regular pregnancy ending with childbirth without complications. Control group comprised 30 
non-pregnant women (aged 36.1±3.6), who had given vaginal birth to healthy children at least twice. Serum protein 
fractions were separated by electrophoresis in the SDS PAGE buﬀer system using a Mini PROTEAN 3 cell device. 
BioRad SDS PAGE Molecular Weight Standards covering mass range of 6.5-200 kDa were used as a reference. 
Gels were stained with Coomassie Blue R 250 solution. BioRad QuantityOne software was used for the assess-
ment of molecular weight of each protein fraction. 
Results: Electrophoretic separation revealed 39 protein fractions of 10 243 kDa. Particularly interesting was a 38 
kDa fraction present exclusively in serum of women with recurrent pregnancy, who had never given birth. Another 
fraction (74 kDa), not detected in the control group, was found in all women with recurrent pregnancy loss. Protein 
fractions of 76 and 151 kDa were present only in the control group. 
Conclusions: The presence of the protein fractions of low- or mid-weight in serum from women with recurrent 
miscarriage may potentially play a role in the pathomechanism of this disorder. 
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Introduction
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????????? ???????????? ?? ?? ????????, ???? ????????? ????????? ???? 
?????? ?? 1??? ?? ????? ?? ???????????? ??? ???1??? ??????????? 
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Aim of the study
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Materials and methods
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??????? ????????, ?????????? ????????????? ?? ??? ??????, ???????? 
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?? ???? ?? ?????????? ??? ?????????? ????????? ??? ???????? 
?? ??? ?????? ??? ????? ?? ????? ???? ????????? ??????????? 
??? ??????? ????????? ?? ??????? ????????? ??????????? ??? ??? 
? ???????? ?1??? ??? ??????? ????????? ???? ?????? ?????? ??? 
??????? ???????? ??? ?????????
??? ??????? ????? ????????? ?? ?? ???????????? ????? 
???? ?? ?? ?1 ????1?????, ??? ??? ????? ??????? ????? ?? ??????? 
???????? ?? ????? ?????? ???????? ??????? ???????? ???? ???????? 
?? ????? ???????? ????? ?? ??? ????????? ????????? ????? ?? ????? 
????????? ?? ??? ??????
????? ?? ??? ??? ????????? ?? ???? ???????? ??? ????? ??? 
???????? ????? ?????????????? ?? ???????? ??????????? Collection 
o? ?loo? ????le? ??o? t?e ?o?en ?it? ?ec???ent ?i?c???i??e 
??? ?e??o??e? ?t le??t ? ?ee?? ??te? ? ?i?c???i??e, i?e? ??te? 
t?e ?e?e???l o? c??n?e? occ???in? in ?o??n?? o???ni?? ??e to 
??e?n?nc?? ?e?? ?e?e ?i?i?e? into 2?? ?l ?o?tion? ?n? ?to?e? ?t 
????C ?ntil t?e ?????? ?e?e ?e??o??e??
 Streszczenie
Wstęp: Uważa się, że poronienia nawracające dotyczą od 1do 5% par w populacji w wieku rozrodczym. Najczęstszą 
przyczyną nawracających poronień są aberracje chromosomowe zarodka (41%), aberacje chromosomowe 
rodziców (10%), nieprawidłowości anatomiczne macicy (5%), czynniki infekcyjne i hormonalne. U około 25% kobiet 
nie udaje się znaleźć przyczyny poronień nawracających. Dlatego tak ważne wydaje się zbadanie wszystkich 
możliwych czynników wpływających na zaburzenia przebiegu ciąży. 
Cel pracy: Celem pracy było znalezienie różnicy we frakcjach białkowych w  surowicy między kobietami 
z pierwotnymi i wtórnymi nawracającymi poronieniami. 
Materiał i  metody: Grupę badaną stanowiły 52 kobiety (36,0 ± 4,9 lat), u  których występowały poronienia 
nawracające. U 9 (17%) z tych kobiet odnotowano wcześniejsze wystąpienie jednej ciąży o przebiegu prawidłowym 
i porodu bez powikłań. Do grupy odniesienia zakwaliﬁkowano 30 nieciężarnych kobiet (36,1± 3,6 lat), które co 
najmniej dwa razy były w ciąży i urodziły zdrowe dzieci siłami natury. Materiałem badanym była surowica krwi, którą 
uzyskano z nakłucia żyły łokciowej. Frakcje białkowe zostały rozdzielone przy pomocy elektroforezy w systemie 
buforów SDS-PAGE (Laemmli) przy użyciu aparatu Mini-PROTEAN 3-cell. Jako wzorzec masowy zastosowano 
SDS-PAGE Molecular Weight Standards ﬁrmy BioRad z  zakresem mas od 6,5 do 200 kDa. Żele wybarwiono 
w  roztworze Coomassie Blue R-250. Do oceny mas cząsteczkowych poszczególnych frakcji białkowych 
zastosowano program QuantityOne ﬁrmy BioRad. 
Wyniki: W  rozdziale elektroforetycznym ujawniono 39 frakcji białkowych w  zakresie od 10 do 243 kDa. Na 
szczególną uwagę zasługuje frakcja białkowa o masie cząsteczkowej 38 kDa, która była obecna tylko w surowicy 
kobiet z poronieniami, które przed wystąpieniem co najmniej 3 poronień jeden raz rodziły siłami natury. 
Wnioski: Zaobserwowano znaczące różnice w częstości występowania frakcji białkowych między grupą 
odniesienia, a kobietami z grupy badanej. 
  Słowa kluczowe: poronienia na?raca??ce / fra?c?e ?ia??o?e / ele?trofore?a /
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1. Isolation of circulating immune complexes from 
serum from women with recurrent pregnancy loss
?e??? ????le? ???? ?l? ?e?e ???e? to ??? ?l o? ?? 
?ol?et??lene ?l?col ?????????? in ??1 ? ?o??te ????e? ?t ?? 
???? ??e o?t?ine? ?i?t??e? ?e?e inc???te? ?t ??C ?o? 1? ? ?n? 
cent?i???e? ??te??????? ??e ?e?i?ent? cont?inin? ??eci?it?te? 
co??le?e? ?e?e ????e? t?ice ?it? ???? ??? in ?o??te ????e?? 
????e??entl?, t?e ????le? ?e?e cent?i???e? ?o? 1? ?in? ?t 2??? 
??? ?n? ??C? ??e ?e?i?ente? co??le?e? ?e?e t?en ?i??ol?e? 
in ??? ?l ???? ?in?ll?, t??? ??e???e? ????le? ?e??e? ?? in??t 
??te?i?l ?o? elect?o??o?etic ?e????tion?
2. Electrophoretic separation of protein fractions of 
circulating immune complexes
??otein ???ction? o? ci?c?l?tin? i???ne co??le?e? ?e?e 
?e????te? elect?o??o?etic?ll? ?cco??in? to t?ei? ?olec?l?? ?ei??t 
in t?e ???????? ????e? ???te? ??? ??e??li, ? ?i?contin?o?? 
???te?? ??in? ? ?ini???????? ??cell ?e?ice? ?lect?o??o?e?e? 
?e?e con??cte? ?t t?e con?t?nt ?olt??e o? 2?? ? ?o? ????o?? ?? 
?in? ?io??? ???????? ?olec?l?? ?ei??t ?t?n????? co?e?in? 
???? ??n?e o? ????2?? ??? ?e?e ??e? ?? ? ?e?e?ence? ??te? ???ction 
?e????tion, t?e ?el? ?e?e ?l?ce? in ??in? ?ol?tion co??o?e? o? 
?cetic ?ci?, ?et??l ?lco?ol ?n? ?o??le??i?tille? ??te? ?t t?e ??tio 
o? 1????? ?o ?i???li?e ??otein ???ction?, t?e ?el? ?e?e ????ecte? 
to ?t?inin? ?it? Coo????ie ?l?e ??2?? ?ol?tion ?o? 1 ? ?t ?oo? 
te??e??t??e? ??e ?t?inin? en??le? to ?i???li?e ??n?? cont?inin? 
????o?? ??1 ?? o? ??otein??
3. Molecular weight assessment of protein fractions 
o?taine? in electrophoretic separation
?io??? ???ntit??ne ?o?t???e ??? ??e? ?o? t?e ???e???ent 
o? ?olec?l?? ?ei??t o? e?c? ??otein ???ction? ????e? ?n? ??c?i?e? 
?e??lt? ?e?e ?ene??te? ??in? ?io??? ?el?oc ?? ???te??
?t?ti?tic?l ?n?l??i? o? t?e ?e??lt? o? t?e ?t??? ??? ?e??o??e? 
??in? ??cel 2??? o? t?e ?ic?o?o?t® ???ce® 2??? ??c???e ?n? 
?t?ti?tic? ??1 ?? ?t?t?o?t, ?nc? ?2?1???
?i?ni?c?nce ???e???ent o? t?e ?i??e?ence? in ???ction 
occ???ence ?et?een e?c? ??o?? ??? c???ie? o?t ??in? t?e ?2 tests 
??2, ?2???? ?n t?e c?se o? e??ecte? lo? n???e?s, test ?es?lts ?e?e 
co??ecte? ?sin? ??tes?s co??ection ??2???
Results
???le ? ??esents t?e ?es?lts o? ? co?????ti?e ?n?l?sis o? t?e 
C?C ?ci?c?l?tin? i???ne co??le?es? ??otein ???ctions isol?te? 
??o? se??? o? ?o?en ?it? ?ec???ent ?isc???i??e, ??o ??? ne?e? 
?i?en ?i?t? ?n? t?ose ??o ??? ?i?en ?i?t? once, ?s ?ell ?s t?e 
cont?ol ??o??? ?ost o? t?e ??otein ???ctions ?e?e ??esent in t?e 
se??? o? ?ot?, t?e ?o?en ?it? ?ec???ent ?isc???i??e ?n? t?e 
?o?en ??o? t?e ?e?e?ence ??o??? ?o?e ???ctions ??esent in t?e 
?o?en ?it? ?ec???ent ?isc???i??es ?e?e ??sent ??on? t?ose 
??o? t?e cont?ol ??o???
??eci?l ?ttention ??s ??i? to se?e??l ??otein ???ctions? 
? ???ction ?it? ?olec?l?? ?ei??t o? ?? ??? ??s ??esent onl? 
in t?e ?o?en ?it? ?ec???ent ?isc???i??e ??o ??? ne?e? ?i?en 
?i?t? ?n? ??sent in ?ot? t?e ?o?en ??o ??? ?i?en ?i?t? once 
?n? t?ose ??o? t?e cont?ol ??o??? ?not?e? ???ction ??olec?l?? 
?ei??t o? ?? ???? ??s not ?etecte? in t?e cont?ol ??o?? ??t ??s 
?o?n? in ?ll t?e ?o?en ?it? ?ec???ent ?isc???i??e, ??et?e? t?e? 
??? ?i?en ?i?t? o? not? ??otein ???ctions o? 1??, 1?? ?n? 1?? ??? 
?e?e ?lso ??sent in se??? o? ?o?en ??o? t?e cont?ol ??o?? ?n? 
??esent e?cl?si?el? in ?o?en ?it? ?ec???ent ?isc???i??es ?it? 
?i?? ??e??enc?? ??otein ???ctions o? ?? ?n? 1?1 ??? ?e?e onl? 
?o?n? in t?e cont?ol ??o?? ?it? ??e??enc? o? ??? ?n? ??,??, 
?es?ecti?el?? ?t?e? ???ctions occ???e? ?it? ? si?il?? ??e??enc? in 
?ll ?n?l??e? ??o??s o? ??tients?
Discussion
C???entl?, sensiti?e ?n? s?eci?c tests ?se??l in ?o?tine 
l??o??to?? ?i??nostics in ?o?en ?it? ?ec???ent ?isc???i??e ??e 
?ein? so???t? ?t is ?it?l to ?i??nose ?ll ??cto?s ?ossi?l? in??cin? 
??e?n?nc? ?iso??e?s, ??e?ent t?e occ???ence o? s?c? ?iso??e?s 
?n? int?o??ce e??cient t?e???e?tic ?et?o?s?
?n t?is st???, ?e ?e??o??e? elect?o??o?etic se????tion o? 
??otein ???ctions ??o? i???ne co??le?es, isol?te? ??o? se??? 
o? ?o?en ??o ??? ne?e? ?i?en ?i?t? ?n? ?o?en ?it? ?ec???ent 
??e?n?nc? loss ??o ??? ?i?en ?i?t? once, ?s ?ell ?s t?e cont?ol 
??o??? ?lect?o??o?etic se????tion ?e?e?le? ?? ??otein ???ctions 
??n?in? ??o? 1? to 2?? ????
??eci?l ?ttention ??s ??i? to se?e??l ??otein ???ctions? ?o? 
e????le, ? ???ction ?it? ?olec?l?? ?ei??t o? ?? ???, ??ic? ??s 
??esent onl? in ?o?en ?it? ?ec???ent ?isc???i??e ??o ??? ne?e? 
?i?en ?i?t?? ?lt?o??? t?e ???ction ??s ?etecte? in less t??n 1?? 
o? t?e ?o?en, it ??? ?l?? ? ?ole in ?e??o??ction ?iso??e?s? ?n 
t?ei? st??ies, ???n????n et ?l? ?ssesse? t?e ??esence o? se??? 
??cto?s in?ol?e? in ?ec???ent ??e?n?nc? loss ?sin? ??oteo?ic 
tec?ni??es? ??e? e??lo?e? 2? elect?o??o?esis ?n? i?enti?e? 
??otein ???ctions ?it? ??ss s?ect?o?et?? ?n? ?este?n ?lot 
?1??? ??e ?es?lts ?e?onst??te?, t??t in se??? ??o? ?o?en ?it? 
?ec???ent ?isc???i??es ? ?i??e? concent??tion o? t?e ?????? ?inte??
??t???sin in?i?ito? ?e??? c??in? ??otein ?????ents ??s ?etecte?, 
es?eci?ll? o? t?e ?? ??? ???ction? ??e ??t?o?s s???este?, t??t 
?????? ?????ents ??? ?l?? t?e ?ole o? ? ?io????e? o? ?ec???ent 
?isc???i??es? ?n o?? st???, t?e ?ost c????cte?istic ???ction in 
?o?en ?it? ?ec???ent ?isc???i??e ??s t??t o? ?? ???, ??ic? 
see?s to ?e si?il?? to t??t ?esc?i?e? ?? ?i? ???n????n et ?l? 
??e ?i??e?ence in ???ction si?e ??? ?e ??e to t?e ?se o? ?i??e?ent 
e??e?i?ent?l ?et?o?s?
?n t?is st???, ?e o?se??e? t??t ??otein ???ctions ?it? 
?olec?l?? ?ei??ts o? ??, 1??, 1?? ?n? 1?? ??? occ???e? ?t ? 
si?il?? ??e??enc? e?cl?si?el? in se??? ??o? t?e ?o?en ?it? 
?ec???ent ?isc???i??e? ?n?l?ses o? ot?e? ??otein ???ctions 
?e?e?le?, t??t in ?ll t?e ?o?en ?it? ?ec???ent ?isc???i??e ??o 
??? ?i?en ?i?t? once, ???ctions o? 1?, 1?, 2?, ??, ??, ?? ?n? ?2 
??? ?e?e ??esent? ??ese ???ctions ?e?e ?lso ??esent in ?o?en 
?it? ?ec???ent ?isc???i??e ??o ??? ne?e? ?i?en ?i?t?, ??t ?it? 
sli??tl? lo?e? ?e?cent??e? ??e?e is little in?o???tion in t?e 
lite??t??e on t?e se??? ??otein ??o?le in ?o?en ?it? ?ec???ent 
?isc???i??e? ??? ?es?lts ??e si?il?? to t?ose o?t?ine? ?? ??si?s?? 
et ?l?, ??o ?lso ?etecte? ??otein ???ctions o? ??, ?? ?n? 1?? ??? 
??inl? in ?o?en ?it? ?ec???ent ?isc???i??e ?1??? ?n o?? st???, 
???ctions o? ?? ?n? ?? ??? ?e?e ?e?e?le? in ? ?ino? ?e?cent??e 
o? t?e cont?ol ??o?? ???? ?n? 1??? ?n? occ???e? c?ie?? in t?e 
??tients ?it? ?ec???ent ?isc???i??es ????????????? ??e l?c? o? 
???t?e? in?o???tion on t?e ??otein ???ctions ??esent in se??? 
??o? ?o?en ?it? ?ec???ent ?isc???i??e ?oses ? ?i??c?lt? in 
s??se??ent ?ssess?ent o? t?e ?es?lts o?t?ine? in t?is st???? ??e 
onl? ???il??le ?es?lts ??e t?ose o? isol?te? se??? ??otein ?n?l?ses 
in ?e?lt?? ?eo?le ?n? c?nce? ??tients ?1??1???
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N [%] N [%] N [%]
1 10 30 100,00 37 86,05 9 100,00 0,13560
2 11 21 70,00 14 32,56 3 33,33 0,00110
3 12 6 20,00 27 62,79 7 77,78 0,00007
4 15 30 100,00 38 88,37 9 100,00 0,20280
5 17 3 10,00 22 51,16 5 55,56 0,00015
6 19 11 36,67 14 32,56 3 33,33 0,71469
7 22 28 93,33 37 86,05 8 88,89 0,56097
8 25 26 86,67 42 97,67 9 100,00 0,10943
? 28 29 96,67 35 81,40 8 88,89 0,13045
10 32 13 43,33 8 18,60 2 22,22 0,01928
11 35 24 80,00 28 65,12 7 77,78 0,21784
12 38 0 0,00 13 30,23 0 0,00 0,00755
13 45 29 96,67 40 93,02 8 88,89 0,75239
14 53 24 80,00 39 90,70 9 100,00 0,19699
15 59 2 6,67 23 53,49 6 66,67 0,00001
16 66 27 90,00 31 72,09 8 88,89 0,09876
17 70 15 50,00 41 95,35 9 100,00 0,00000*
18 74 0 0,00 43 100,00 ? 100,00 0,00000*
1? 76 18 60,00 0 0,00 0 0,00 0,00000*
20 82 27 90,00 41 95,35 9 100,00 0,52045
21 88 19 63,33 40 93,02 7 77,78 0,00291
22 95 3 10,00 36 83,72 7 77,78 0,00000*
23 106 19 63,33 21 48,84 5 55,56 0,24253
24 116 10 33,33 27 62,79 3 33,33 0,03354
25 121 6 20,00 8 18,60 2 22,22 0,93253
26 133 0 0,00 34 7?,07 7 77,78 0,00000*
27 145 0 0,00 26 60,47 5 55,56 0,00000*
28 151 14 46,67 0 0,00 0 0,00 0,00000*
2? 154 0 0,00 34 7?,07 8 88,8? 0,00000*
30 163 2 6,67 15 34,88 5 55,56 0,00175
31 168 1 3,33 14 32,56 1 11,11 0,00499
32 173 23 76,67 24 55,81 5 55,56 0,05845
33 188 7 23,33 36 83,72 8 88,89 0,00000*
34 198 15 50,00 37 86,05 7 77,78 0,00078*
35 203 2 6,67 33 76,74 4 44,44 0,00000*
36 214 5 16,67 25 58,14 3 33,33 0,00094
37 221 6 20,00 20 46,51 5 55,56 0,01155
38 232 8 26,67 34 79,07 7 77,78 0,00000 *
3? 243 5 16,67 28 65,12 5 55,56 0,00004*
RPL 0 – Women with recurrent miscarriages, who had never given birth; 
RPL 1 – Women with recurrent miscarriages, who gave vaginal birth once prior to having at least 3 miscarriages; N – number of patients
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??e o?t?ine? ?es?lts ??o???t so?e ne? in?o???tion, 
?o?e?e?, it s?o?l? onl? ?e consi?e?e? ?s ?n int?o??ction to ???t?e? 
st??ies? ?t see?s ?e?son??le to con??ct si?il?? e??e?i?ents 
?it? ? l???e? ??o?? o? ?o?en ?it? ?ec???ent ?isc???i??e? ??e 
??o?e?entione? ??otein ???ction st??ies s?o?l? ?e e???n?e? ?it? 
2? elect?o??o?esis, in ??ic? t?e ???ctions ?o?l? ?e se????te? 
?cco??in? to t?ei? isoelect?ic ?oint ?n? ?olec?l?? ?ei??t, le??in? 
to ?i??e? ?esol?tion? ?este?n ?lottin? ??? ?lso ?e ???lie? to 
c????cte?i?e ? ???tic?l?? ??otein? ?t ?lso see?s ?e?son??le to 
?e??o?? ?n?l?ses o? t?e ?????? ??otein ?????ents in ?o?en 
?it? ?ec???ent ?isc???i??e? Con????tion o? t?e ??o?e ?entione? 
?isco?e?? ??? ??t?ti?el? en??le t?e ?e?elo??ent o? ne? 
?i??nostic ?n? t?e???e?tic tools in t?e ??n??e?ent o? ?ec???ent 
?isc???i??e?
Conclusions
??e ??esence o? t?e ??otein ???ctions o? lo?? o? ?i???ei??t 
in se??? ??o? ?o?en ?it? ?ec???ent ?isc???i??e ??? ?otenti?ll? 
?l?? ? ?ole in t?e ??t?o?ec??nis? o? t?is ?iso??e?? 
?e??o??e? st??ies constit?te ?n int?o??ction to ?i?e? 
?i??nostics ?ntici??te? in t?e ??t??e, ??ic? ??? s???o?t t?e 
?e?elo??ent o? ?no?le??e on t?e ?e?sons ?n?e?l?in? ?ec???in? 
?isc???i??es, ?s ?ell ?s ?el? c?e?te ???t?e? ?i??nostic? 
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Picture 1. CCI dissociated protein fractions isolated from the sera of women with 
recurrent miscarriages (lane 1-9, 11-14). Lane 11 – a mixture of protein patterns. 
MW – (molecular weight) mixture of protein standards SDS-PAGE. 
 
Picture 3. Circulating immune complexes dissociated protein fractions isolated 
from the sera of women with recurrent miscarriages (lane 1-6, 8-13,15).  
Lane 7 and 14 – a mixture of protein patterns. 
 
Picture 2. 3D image of protein fraction dissociated immune complexes isolated 
from the sera of women with recurrent miscarriages (lane 1-9, 11-14).  
Lane 10 – a mixture of protein patterns. 
MW – (molecular weight) mixture of protein standards SDS-PAGE.
 
Picture 4. 3D image of protein fraction dissociated Circulating immune complexes 
isolated from sera of women with recurrent miscarriage together with a mixture of 
protein patterns. 
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